To study the potential of producing single cell protein (SCP) from waste materials to decrease the protein gap and to reduce the environmental pollution, five yeast strains (Candida blankii, Candida rugosa, Pichia anomala, Kluyveromyces lactis and Rhodotorula glutinis) were used. The results of growth of the tested strains on four types of food industries wastes (cheese whey, orange peel, beet pulp and rice husk) as indicated by their protein and nucleic acids content, showed that Kluyveromyces lactis and Candida rugosa grew well on whey, while Candida blankii, Rhodotorula glutinis and Pichia anomala grew better in orange peel. The highest value of protein content was obtained with Kluyveromyces lactis on whey (6.78 g/l) followed by Candida blankii on orange peel (6.01 g/l). On the other hand, the lowest values of protein content were found when rice husk and beet pulp were used for growth of these strains. Nucleic acids content followed the same trend of protein content and the highest value was obtained with Kluyveromyces lactis on whey (1.05 g/l) and then Candida blankii on orange peel (0.88 g/l), whereas rice husk and beet pulp gave the lowest values. Heat shock at 64 o C for 20 min caused a reduction in nucleic acid contents ranged from 65.2 to 88.8%, whereas the reduction by ribonuclease (RNase) enzyme reached over 99.0 %. It is concluded that SCP could be produced from some food industries wastes providing the appropriate strain of yeast is used. Nucleic acids content can be reduced to the required limit.
INTRODUCTION
Homeless children were defined as children less The alarming rate of population growth has increased the demand for food production in developed countries in order to decrease the gap between. This has led to an increase in the number of hungry and chronically malnourished people (Perera et al., 1995; Anupama and Ravindra, 2000) . It was reported earlier that the protein demands for direct human consumption and animal feeding would inevitably increase (Hours et al., 1985) . Most of the developing countries have been facing malnutrition problem. The deficiency of protein in human food and animal feed is well recognized due to the rapid growth of population (Khan et al., 1992) . The global scarcity of protein-rich foods lead to search for cheep alternative protein sources. Hence, the focus has shifted in recent years to exploit microbes as food sources for fortification of the food supply or for consumption as single cell protein (SCP) (Anupama and Ravindra, 2000) .
Many of the developing countries where major nutritional problems exist produce an excess of materials rich in carbohydrates that can be utilized in fermentation processes to produce microbial protein, which in turn can be used to upgrade both human and animal feeds (Adoki, 2002) . Different wastes have been used by various researchers to produce SCP, for example, cheese whey (Sandhu and Warriach, 1983; Willets and Uglade, 1987; Ghaly and Singh, 1989; Carlotti et al., 1991; Abdel-Rahman and Abo-Ahmed, 1992; Murad et al., 1992; Mansour et al., 1993; Ghaly and Ben Hassan, 1995; Gonzalez-Siso, 1996; Mawson, 1999; Ghaly and Kamal, 2004) , corn residues (Abo-Hamed, 1993; Pece et al., 1994) , wheat straw (Abo-Hamed, 1994), rice residues (El-Masry, 1983; Khaled et al., 1985; Khan et al., 1992; Kwon and Chung, 1995) , sugarcane bagasse (El-Sayed et al., 1994; Nigam, 2000) , beet pulp (Ghanem et al., 1991; Ghanem, 1992) , fruit residues (Vaccarino et al., 1989; El-Refai et al., 1990; Adoki, 2002; De Gregorio et al., 2002; Tripodo et al., 2004) , prawn-shell waste (Rhishipal and Philip, 1998) , salad oil manufacturing wastewater (Zheng et al., 2005) , Jerusalem artichoke extract (Gao et al., 2007) .
SCP produced from microorganisms is characterized by its high nucleic acid content (Litchfield, 1989) . Intake of a diet high in nucleic acid content leads to the production of uric acid from nucleic acid degradation (Anupama and Ravindra, 2000) . Human consumption greater than 2.0 g nucleic acid equivalent per day may lead to kidney stone formation or gout (Calloway, 1974) . It is recommended that nucleic acids should be reduced for the product to be safe (Anupama and Ravindra, 2000) .The nucleic acid level can be reduced by several means. These include activation of endogenous RNAase by brief heat treatment up to 60-70 °C for 20 min, alkaline hydrolysis of nucleic acids, modifications of cultural conditions with respect to nitrogen, carbon, phosphorous and zinc content or chemical extraction and removal of nucleic acids (Anupama and Ravindra, 2000) . Several methods have been reported in the literature for this purpose such as a heat shock treatment to activate the endogenous nucleases (Abu-Ruwaida et al., 1988; Kurbanoglu and Algur, 1996) , the use of pancreatic ribonuclease (Martinez et al. 1990 ), a heat shock followed by a RNase treatment (Kunhi and Rao, 1995) , lyophilization (Kossaczka et al., 1990) , alkaline treatment with NH 4 OH at 65 C (Alvarez and Enriquez, 1988 ) and use of ion exchange (Lewis et al., 1982) .
Therefore, the aim of this study was to investigate the possibility of using different waste materials for SCP production using different yeast strains and to reduce its nucleic acids content, by using physical and chemical methods.
MATERIALS AND METHODS

Yeast strains:
The yeast strains used in the present study were 
Food industries:
The food industries wastes used as substrates for SCP production in the present study were orange peel (from domestic solid waste), beet pulp (from the Sugar Manufacturing Co. at El-Hamoul, Kafr El-Sheikh, Egypt), rice husk (from Kafr El-Sheikh Rice Mill Co., Egypt) and cheese whey (from the Pilot Dairy Factory, Faculty of Agriculture, University of Alexandria, Egypt).
Ribonuclease enzyme:
Ribonuclease A enzyme (RNase A) (EC number: 3.1.27.5) was obtained from Sigma-Aldrich, USA.
Pretreatment of organic wastes:
Orange peel and beet pulp were air-dried for 2-3 days, and then oven dried at 60-70 °C for 24 h. They were ground by a hammer mill and stored in dry and tight containers until use. Whey and rice husk were used without pretreatment.
Preparation of yeast suspension:
Yeast suspension was prepared by adding 10 ml sterilized distilled water to each strain slant, vortexed and then poured to another sterilized tube (10 ml).
Culture conditions:
The basal mineral salts medium used as a growth medium according to the National Center for Agricultural Utilization Research (NCAUR) was contained (g/l): (NH4) O, 4 .0. The initial pH was adjusted to 7.2. Cultures were conducted in 250 ml conical flasks containing 100 ml mineral medium and 10.0 % (v/v or w/v) waste. The flasks were sterilized at 120 °C for 20 min, then inoculated with 1ml yeast suspension and incubated at 28±2 °C in a shaking incubator at 150 rpm for 5 days. Samples (10 ml) were taken carefully everyday for determination of protein and nucleic acids contents.
Determination of protein content:
Protein content was determined by two methods: -Spectrophotometric method:
After settlement of particles in the sample, the upper portion was homogenized in a mortar with sand, prewashed with hydrochloric acid and distilled water, and then centrifuged at 3000 rpm for 20 min. The protein content was determined in the supernatant at 280 nm according to the method of Brown (1991) , using a Pharmacia spectrophotometer, model Ultrospec 3000. Bovine serum albumin was used as a standard.
-Kjeldahl method:
The total nitrogen content was determined by the Kjeldahl method as described by WHO (1978) . The crude protein values were obtained by multiplying the total nitrogen content by 6.25.
Determination of nucleic acids content:
Samples were prepared as mentioned in protein determination. Nucleic acids content was measured at 260 and 280 nm according to the method of Brown (1991) , using a Pharmacia spectrophotometer, model Ultrospec 3000 programmed for nucleic acid measurements.
Reduction of nucleic acids:
The decrease of nucleic acids was carried out by heat shock and ribonuclease (RNase) enzyme. Cultures were grown in 250 ml conical flasks containing 100 ml mineral medium and 1.0 % (v/v) of each sugar solution which was found to be suitable for the growth of each strain. The sugars used were glucose for Candida blankii; lactose for Candida rugosa and Kluyveromyces lactis and sucrose for Rhodotorula glutinis and Pichia (Hansenula) anomala. After sterilization, the flasks were inoculated with 1ml yeast suspension and incubated at 28±2 °C in a shaking incubator at 150 rpm for 5 days. In case of heat shock method, samples were taken and heated in water bath at 64 °C for 20 min, Maul et al. 1970 , then nucleic acid content was measured after 30 min. On the other hand, in case of RNase enzyme method, samples were homogenized using pre-washed sand then cell growth was removed by centrifugation at 3000 rpm. The supernatants were treated with RNase-A solution at a final concentration of 10 mg/ml and then incubated in a water bath for 24 h at 37 °C. Nucleic acid contents were measured by spectrophotometric method at 0, 3, 6, 9, 12 and 24 h intervals.
RESULTS AND DISCUSSION Production of SCP
Organic wastes used for SCP production were cheese whey, orange peel, beet pulp and rice husk. Growth of different strains on different wastes as indicated by protein and nucleic acids contents showed different patterns. As shown in Figure 1 , whey and orange peel resulted in better growth of all strains than rice husk and beet pulp. Whey gave the highest protein content in case of Kluyveromyces lactis and Candida rugosa, while orange peel gave the highest protein content in case of Candida blankii, Rhodotorula glutinis and Pichia anomala. However, the protein content largely differed from one strain to the other. Kluyveromyces lactis gave the highest protein content on whey and even that Candida rugosa grew best on whey but the yield was almost half. The same trend was found for orange peel; Candida blankii gave the highest level followed by Rhodotorula glutinis yielding about half and then Pichia anomala, which again was less than half of the former. The results indicate that after 5 days incubation, 6.78 g protein/ liter produced using Kluyveromyces lactis grown on whey and 6.01 g protein/ liter produced by using Candida blankii grown on orange peel. It is noticed that the highest protein yield obtained when Kluyveromyces lactis was grown on whey. The yeast utilized lactose readily (whey contained 4.9 % lactose). Despite that Candida rugosa utilized lactose (data not shown) but its growth on whey was not comparable with Kluyveromyces lactis. It was reported that Kluyveromyces fragilis can utilize lactose of whey because it has a unique enzyme namely lactose enzyme . On the other hand, Candida blankii grew better on orange peel, and this is could be attributed to the total sugar content (7.6 %) and sucrose content (2.0 %) of the orange peel. The results indicated that the lowest values of protein content were found when rice husk and beet pulp were used for growth (Figure 1 ). Beet pulp is composed mainly of cellulose, hemicellulose and pectin (Spagnuolo et al., 1997) . It has been shown in earlier work that it can be used for SCP production by Trichoderma reesei (Ghanem et al., 1991) or by mixed culture of the former fungus and Kluyveromyces marxianus (Ghanem, 1992) . Rice husk contains large amounts of lignin and fibers (Hsu and Luh, 1980) and therefore it proved to be hard to degrade and unsuitable for SCP production under the studied conditions.
Comparable results were obtained from the protein content determined by the Kjeldahl method (Figure 2) . The percentage of protein in the growth media followed the same trend. The highest value was obtained for Candida blankii grown on orange peel (0.88 g/l) followed by Kluyveromyces lactis grown on whey (0.72 g/l). These results indicate the good potential of these strains for SCP production.
Nucleic acids content provided another evidence for the growth of the tested yeasts on different waste materials. Results of nucleic acid contents are presented in Figure 3 . It is evident that nucleic acid contents were highest in case of Kluyveromyces lactis grown on whey (1.05 g/l) followed by Candida blankii grown on orange peel (0.88 g/l) after 5 days incubation then marginally followed by other strains. Again, rice husk and beet pulp gave the lowest values.
Reduction of nucleic acids levels in yeast cells:
In this study, two methods (heat shock and RNase) were tried for reducing the levels of nucleic acids in the fermentation broth. The effect of heat shock treatment on nucleic acids concentration and reduction is presented in Figure 4A . The heat shock treatment at 64 °C for 20 min followed by 30 min incubation caused a decrease in nucleic acids ranged from 65.2 to 88.8 % (as % of control). The reduction in nucleic acid content was 65.2, 71.6, 74.0, 83.0 and 88.8 % in case of Pichia anomala, Candida rugosa, Candida blankii, Kluyveromyces lactis and Rhodotorula glutinis, respectively. It is evident that the growth product of Rhodotorula glutinis was the most affected in nucleic acid reduction followed by Kluyveromyces lactis then the other strains. It was reported (Kurbanoglu and Algur, 1996) that one-step heat shock was carried out at 90 C for 2 h and the highest nucleic acid reductions achieved for Saccharomyces cerevisiae, Candida utilis, Fusarium moniliforme and Bacillus subtilis were 95.2, 89.6, 95.5 and 75.3 %, respectively. On the other hand, three step heat shock was carried out at 68 C for 3s, 45 C for 2h and 55 C for 1h and the maximum nucleic acid reductions obtained were 95.8, 86.4, 91.0 and 78.5 % for these species, respectively. It was also reported that a heat shock treatment at 65 C for 5-10 min followed by , 1988) . The RNase treatment was more efficient and it substantially decreased nucleic acids to less than 1.0 % for all strains, but the process needed longer time. The effect of the enzyme was more pronounced within the first 9 h ( Figure 4B ). Two derivatives of pancreatic RNase and an endonuclease of Staphylococcus aureus, immobilized on corn cobs, have been used to reduce the percentage of nucleic acids in SCP concentrates of yeasts, from 5.0-15.0 % to 0.5 % with a protein loss of only 6.0 % after treatment (Martinez et al., 1990 ). An immobilized pancreatic RNase was also investigated for the degradation of yeast ribonucleic acid. The rapid reaction rates obtainable at relatively low temperatures offer a potential alternative method of purifying yeast SCP with minimal loss of derived protein (Dale and White, 1979) . Generally, the results of the present study proved that the use of either heat shock or RNase treatment reduced the nucleic acids to acceptable limits.
From the results obtained in this study, it can be concluded that the microbial protein can be produced from different waste materials providing that the right organism be chosen. Protein produced by this way can be used as a cheep food additive to meat products to make them more available to wider population. SCP production could indeed narrow the protein gap in diet. Alternatively, it can be used for animal feeding; this would have two advantages, one is providing a protein source instead of using fish meal and alike, and second is saving agricultural land that is currently used for animal fodder production and thus diverts the land for the production of some strategies crops for human consumption. An additional benefit arises, as the protein produced via microbial way would provide a good source of protein produced from waste and would alleviate the burden of imports and eventually improves the national economy.
